ABSTRACT
INTRODUCTION
There is overwhelming evidence that supports energy consumption per capita as a good indicator of national development. For example, electricity consumption per capita in Tanzania is 60 kWh which is less developed than Kenya (127 kWh) and underdeveloped when compared to Sweden with significantly higher (15,000 kWh) energy consumption per capita (Wano 1997) . Less than 10 per cent of the population in Tanzania has access to the grid and about 80% of the population live in rural areas where their energy requirements are mostly met by firewood. The government energy policy is aimed at increasing the access of the population to electricity and improving availability and quality of power supply (Saleh, 2002) . However, attempts to implement this plan are frustrated by a combination of high transmission costs and low electricity consumption rates in the rural area (Msaki 2001 ).
However, rural electrification is now an essential element for rural development for several reasons. First, about 80% of the population lives in the rural areas where energy requirements are mostly met by wood fuel, resulting in deforestation and substantial environmental degradation. It is becoming apparent that supply of fuel wood is decreasing very rapidly therefore there is a great need to look for other alternative sources of energy. Second, the poverty alleviation projects in the country demand the incorporation of use of electricity in different economic project including intensive agriculture and business in the rural areas. Third, a combination of high prices of fuel and environmental degradation and deforestation demand use of alternative renewable energy sources. Fourth, the current economic reform in the country requires the citizen to start small and medium industries not only in towns but also in rural areas. Therefore, deliberate efforts are now being made to incorporate energy needs of the agricultural sector, in poverty alleviation projects (Mrindoko & Mwihava 2000) .
ENERGY STATUS IN RURAL AREAS Energy Demand in Rural Areas
The electricity utilization desired in the rural area can be classified in three categories. The first is a standalone power system exclusively designed to supply electricity to household. Assuming the house has as a radio, music system, two refrigerators, water heater, pressing iron and electric stove. Table 1 shows the power required to meet these appliances. The second is also standalone power system to supply electricity to a household (described above) and energy-intensive farming systems (e.g. water pump, drying) or energy-intensive commercial enterprising systems based on lumber, grinding, refrigeration and brick making or remote communications. The third is a combination of standalone systems designed to provide power to a small village with 10-40 households by independent power providers (IPP) in the rural sector. The items that will need power in each category and an estimate of amount needed have been presented in Table 1 . The paper has three objectives: The first is to provide a critical analysis of potential renewable energy technologies that can be used to deliver the power needed to these categories. The second is to provide a critique of the limitations of engines that can be used to provide the power needed for these purposes. The third and most important is to provide detailed description of the features design and construction that currently make the hot air engine unable to meet these energy demands despite its known potential.
Energy Supply in Rural Areas
Currently renewable energies such as solar, wind and biogas can be harnessed for rural applications in Tanzania. For example in rural China Photovoltaic (PV) of about 60 W to 120 W and PV/wind hybrids of about 60 W to 300 W have been shown to provide an economic option for meeting energy needs for households (Byrne et al. 1998 ). Already we are witnessing PV installation in Tanzania of capacity 0.550 MW with an annual growth rate of about 20% (Mwihava 2002) . Although the 20% growth rate is quite impressive, this value could be even higher if the associated technology had lower initial costs, less technological sophistication and few imported components. According to Table 2 , this technology has high initial costs and its installation relies exclusively on imported components. According to this table, the technology in this price range can hardly satisfy the energy-intensive agricultural inputs such as pumping water for irrigation, cooking, refrigeration, lumber mills etc. Unavailability of energy at night is an additional limitation that makes this alternative less attractive to rural dwellers in need of electricity for cookers and commercial purposes. 
ENGINES FOR BIOGAS Internal Combustion Engine
Already there are types of internal combustion engine that has been modified to use biogas as fuel (Klaus 1988 , Huang & Crookers 1998 , Henham & Makkar 1998 among others). Such engines can supply a household with electricity comparable to that from standard diesel engines. In this case the engine can satisfies the energyintensive agricultural inputs requirements required in the rural area. The initial costs of one unit of about 800,000/= to 1,200,000/= which can produce about 50 kW is less expensive than that required to purchase PV technology. The biogas technology is also familiar because there are many rural farmers already using biogas for cooling and lighting houses so these farmers would be more than eager to have electricity out of such a familiar and cheap product.
There are two major drawbacks of this technology. The first is that the engine has high noise pollution. The second is such modified diesel engines are imported and local modification of existing diesel engines would require permission from the manufacturer. Designing and constructing a hot air engine that is an external combustion engine can overcome these drawbacks.
Hot Air Engine
There are three types of hot air engine i.e. Alpha, Beta and Gamma arrangements (Kirkley, 1962) . These types of engines have certain parts with common function, but for the purpose of this paper the losses resulting from the regenerator, which is used to store heat energy during parts of the cycle and return it to the working gas during the other part, will be discussed. Fig. 1 shows the alpha engine configuration with regenerator divided into three cells. The effectiveness, # of a regenerator requires the following quality such as maximum heat transfer and heat storage capacity materials; with minimum pressure drop and dead space. These qualities are interrelated in conflicting way so optimization is required for smooth operation of the hot air engine. The effectiveness of the regenerator depends on the low temperature difference between the gas and the matrix, but this also lead to a relative high-pressure drop. It also depends on the rate of storing heat during one cycle and releasing heat stored during the other cycle. Fig. 2 shows the flow of the working gas from the cooler to the heater of the engine whereby the matrix of the regenerator is supplying heat to the working gas. The following are types of losses associated with the regenerator of the hot air engine. Fig. 3 shows the losses of the regenerator of the hot air engine as simulated using SNAP 2002 program. 
Regenerator Pumping Loss
The pumping loss results from the matrix inside the engine. The increase in heat transfer capacity result in increase of pumping loss. Under pumping loss the cylindrical ducts CfL/rh has a value close to 3.7NTU (Kayas and London, 1964 ) the expression required can be expressed as:
In equation (1) the pumping loss is inversely proportional to the square of the dimensionless pressure pVref/(MRTre). The compromise must be reached in material selection because the loss is the penalty on efficiency and the specific power of the engine.
Wall Conduction Losses
The conduction loss is the result of the good conductor materials used to construct an engine. The loss will also depend on the size of the cell used and temperature gradient. The regenerator is divided into three cells r1, r2 and r3, each cell being associated with its respective mixed mean gas temperature Tr1, Tr2, and Tr3 and corresponding effective bulk matrix temperature Twr1, Twr2 and Twr3. The regenerator interface temperature Tr1k, Tr1r2, Tr2r3 and Tr3h are as follows:
This type of loss will be considered during simulation and during designing. The possible conduction path within the space of a cell in the simulation will be included. The rate of heat transfer per second is given by:
Conduction loss can affect the efficiency of the machine more than the working gas temperature especially a big size cell with high temperature difference. Lagging the regenerator will reduce this loss because the heat energy inside it is supposed to be maintained.
Temperature Swing Loss
The entropy creation rate per unit mass, s 1 when heat flows at rate q 1 per unit mass across temperature difference of $ T at the gas temperature Tg is given by s 1 =q 1 "T/Tg 2 . (Bejan, 1982) . The temperature swing loss resulting from entropy creation is given by:
Entropy creation rate per unit mass depends on the geometry of the regenerator and temperature difference between the working gas and the materials used of any cell of the system.
Gas Flow Friction
Entropy transfer and entropy creation depends on the variation of the pressure and temperature of the systems. The rate of entropy creation is due to wall and wire mesh friction. The governing equation is given by:
The left hand side of equation (8) is normalized by MRTo abbreviated to Sff and the expression C/Nst is replaced by 10.0 for the wire mesh. The heat stored in the regenerator exchange has large effect to the power generation of the machine. But increased regenerator matrix /mesh cause much flow loss. So, the relations need more investigation.
Regenerator Matrix Heat Transfer
The heat flows at the rate q' per unit mass is proportion to the entropy creation over an elemental length of the duct dx, and reducing to the base of nsMRTc (per cycle per unit mass) is given by; 
In this expression the NTU is determined for the work loss using length ratio. The loss increases with the size of the cell under consideration. For the regenerator it is evaluated according to location (%=x/L) in an integration with respect to t along the particle path. 
Optimized Flow Model
This equation can be used to evaluate the heat transfer and energy in the individual cell as shown in Fig. 1 and Fig. 4 of the alpha configuration of the hot air engine. Particularly, by using volume variation techniques. Fig. 4 shows the relationship between the volume of the engine and that of individual cell.
CONCLUSION AND RECOMMENDATION
About 80% of the populations in Tanzania live in rural areas where firewood is they are major source of energy. Only 6% of the energy supply is in a form of electricity, which is flexible form to use for household and economic activities. There is a great need to increase this form of energy particularly in the rural area. Three renewable sources of energy (solar, wind and biogas) that could be used to supplement hydropower were examined. Biogas was found to be more suitable in terms of low initial cost, familiarity, availability and other tangible benefits. At present only a very small amount of biogas is available in form of electricity using internal combustion engines. Noise pollution, technical sophistication and patents are the three major drawbacks that make widespread use of this technology unattractive. The main parts of the hot air engine, basic equation that governs its operation and the losses due to the regenerator which affect the power output and efficiency were also presented. The general equation that governs the performance of each cell of the hot air engine will later be used to analyse the performance of the cell.
Biogas technology is important but it cannot be practiced without conducting research in order to optimize its usefulness in Tanzania. For effective development of the technology, the current status of biogas in the country must first be investigated for further development. 
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